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Description 

Technical Field 

5 [0001] The present invention relates to a process for completely or partially filling voids with a coherent low density 
solid according to the pre-characterising part of claim 1 , to a process for the manufacture of a sandwich panel con- 
struction according to the pre-characterising part of claim 3 and to the use of the sandwich panel construction. The 
purpose of the process is the filling of voids of both simple and complex shape which can be carried out at room 
temperature. In particular, the present invention consists of the use of free flowing thermally expanding and curing 

10 powders which are poured into the voids and then heated causing the powder to expand, coalesce and cure and thus 
filling or partially filling the void space as required. The process according to the present invention is particularly suitable 
for filling the spaces in, around and between honeycomb or pre-formed foam cores as required to produce a filled or 
partially filled honeycomb or foam core or any other material used in sandwich panel construction. This process is also 
a simple and efficient method for filling moulds suitable for use in cellular artefact production. The filled or partially filled 

is mould or honeycomb core can then be cured to produce bonded sandwich panels or moulded cellular artefacts. In 
sandwich panel construction the core material can be bounded by one or more surface skins and the cured bonded 
panel can be cut to provide a panel having pre-sealed edges. 

Background 

20 

[0002] Sandwich panels, that is panels produced with rigid faces and lower density material bonded between them 
have been used in many applications and in high performance versions for around 50 years. The technical advantages 
of such panels are many but in particular they are structures offering high specific stiffness and modulus, that is, the 
flexural strength and modulus divided by the density of the panel is greater than that obtainable by the component 
25 materials individually. Typical examples of such panels are: a plastic rigid foam bonded between aluminium or glass 
reinforced plastic faces (skins) for the manufacture of truck bodies; paper honeycomb bonded between wooden skins 
in the construction of doors; and, in particular, aluminium honeycomb bonded between metal or carbon fibre/resin skins 
as typically used in the aerospace industry. 

[0003] In general, high performance panels have the central lower density material (core) bonded to the skins with 
30 a thermoset (non melting) adhesive and often employ elevated temperature curing to achieve the highest bonding 
performance. In the construction of such panels it is often important that the edges of the panels are made solid and 
smooth by some means to ease joining to other surfaces or further panels or for cosmetic purposes. Other advantages 
of smooth edges are: safer handling; prevention of accidental damage; and to avoid the ingress of water, dirt and other 
contaminants which might be detrimental to the performance or external characteristics of the panel. This may be 
35 achieved by either assembling the panel before bonding with a solid edge material, such as wood for door panels, or 
subsequent to bonding, with low density pastes as is usually the case with aerospace honeycomb panels. 
[0004] Frequently, in panel construction, the core material is not available in a large enough size to make a complete 
panel or different core materials need to be used within the same panel. In such cases it is often necessary, for structural 
performance reasons, to join the various core pieces together either before, or during, the bonding to form the panel. 
40 This may be achieved by the use of high strength adhesive pastes or adhesive films or tapes which preferably expand 
before setting on heating during the panel bonding (curing) cycle. 

[0005] In high performance panels it may also be a requirement that the core material is attached to any solid edges 
which may be built into the panel. This internal attachment is usually achieved by the use of high performance adhesive 
pastes or expanding (foaming) films. 

45 [0006] In the use of such panels it is often desirable to attach additional structures to them, many of which could be 
load bearing. For example the attachment of a coat hook to a door sandwich panel or a bolt socket In an aircraft floor 
panel. In the case of the coat hook which is usually lightly loaded a hook with a sufficiently large flange area may be 
sufficient to provide the necessary load bearing strength if bonded on the skin surface. For higher loadings a wood 
block may be inserted as a load attachment point, preferably before, but possibly, after the panel has been produced. 

so in the case of high potential loadings in critical structures, solid high strength blocks can be built into the panel structure 
in the correct places during manufacture, or special high strength inserts may be bonded into the panel after production 
and routing out appropriate size holes In the panel to fit the insert, or alternatively the honeycomb in the panel can be 
reinforced by a high performance thermosetting adhesive or casting paste in those areas which need to be reinforced 
regardless of complexity of shape. The latter approach, where strong enough, is the most elegant as very specific 

55 areas may be reinforced in a honeycomb panel down to the size of an individual honeycomb cell. Furthermore, such 
reinforcement maybe carried out either before or during the final curing of the panel to avoid cutting of the skins. 
[0007] In the case of sandwich panels with a plastic foam core it is usually sufficient to carry out these connection, 
joining and reinforcement operations by the use of a thermosetting paste which stays in position during the curing 
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cycle. Typically this could be a "thixotropic" two part epoxy resin based paste. If final sealing and finishing of the edges 
of the sandwich panel are needed then a similar paste or a syntactic paste could be filled into the edges, smoothed 
and allowed to cure. A syntactic paste is a term widely used in the Aerospace industry to denote a thermosetting resin 
either one or two part (needing mixing prior to use) which contains pre-formed hollow small spheres made of glass, 
5 carbon, silicates or a variety of plastic materials. A common feature of these micro-spheres is their low density, which 
is also imparted to the paste and is the prime reason for their use. An additional consideration is the relative ease they 
give to the cured composition for sanding or smoothing. 

[0008] In the case of sandwich panels using honeycomb core for high performance ground and marine transport and 
sports goods and particularly those used in aerospace, where strength, light weight and resistance to degradation is 
io extremely important, these syntactic pastes have been used for most of the attachment and reinforcing needs as 
described hereinbefore for at least the last 30 years. Typical products of this type are REDUX 252 (RTM) a two pack 
syntactic epoxy paste available from Ciba Specialty Chemicals PLC, and EC 3524 B/A (RTM) available from the 3M 
Company. 

[0009] Where foam materials are used as cores, the edges of the foam are irregular due to cutting and the size of 
'5 the pore or cell structure within the foam. Where honeycomb is used the situation is usually worse, in that cut or uncut 
honeycomb edges are extremely irregular and therefore difficult to fill accurately and the size of the gaps to be filled 
can be almost as large as the individual cell, which itself would be typically up to 6mm, but is often larger still. 
[0010] Thus, there exists a particularly difficult physical problem in relation to: the accurate and complete filling of 
gaps in; the adhering of parts to; and the reinforcing of honeycomb panels. Furthermore, since high performance 
20 honeycomb panels such as those typically made from aluminium, phenolic resin coated "Nomex"(RTM) paper and 
other metal or fibre based products, are usually used to obtain high performance at minimum weight it is also highly 
desirable to make excellent connections to the panel component parts and to other materials, where necessary for 
structural performance reasons, but at minimum weight. In general in aerospace, high performance ground and marine 
transport and sports applications which use honeycomb, syntactic pastes have been used as the primary means to 
25 achieve reinforcement and connection. For the avoidance of doubt direct bonding between the honeycomb and the 
skin is generally effected by a film or liquid adhesive. 

[001 1] In order for these syntactic pastes to achieve a minimum density for the required strength in these applications 
it has been necessary to include significant quantities of the hollow micro-spheres. The lower the density required the 
more micro-spheres need to be incorporated. Since the micro-spheres by definition are lower In density than the resins 

30 and hardeners used in the syntactic pastes, they have a tendency to float to the top of the liquid resin or hardener, 
thus giving a non-uniform, heterogeneous mixture on standing or storage. To prevent this it is common practice to 
include additional materials which have the general effect of increasing the viscosity of the mixture thus making the 
whole system very viscous. Typical materials added to prevent micro-sphere flotation are well known to those skilled 
in the art and include finely divided silica particles such as those sold by Degussa under the trade name Aerosil (RTM) 

35 or by the Cabot Group as Cabosil (RTM). 

[0012] Typical densities of such cured mixed syntactic pastes range from 0.6 to 0.8 gm/mi. These are viscous ma- 
terials which may be mixed by hand stirring with some difficulty. Alternatively, the materials may be mixed by forcing 
them through a static mixer head with external pressure applied to the individual components whether they be pre- 
packed in dispenser cartridges or other larger containers. Where the density decreases below 0.6 gm/ml the viscosity 

*o becomes so high that kneading by hand or dough mixer may be required. In the latter case, care must be exercised 
not to break a proportion of the hollow micro-spheres leading to an undesirable increase in density. This consideration 
also applies to higher density syntactic pastes where they may be pumped through pipes or tubes or other constrictions. 
[001 3] In order to overcome the difficult mixing operations associated with such viscous pastes, single pack syntactics 
have been produced. Because these are reactive mixtures, that is the resin and hardener have been premixed together, 

45 it is necessary to transport and store them under cold, usually 'deep freeze* (-1 8°C) conditions. Even under such cold 
storage conditions the useable life of the pastes may be severely constrained depending upon the reactivity of the 
mixture. A further disadvantage of this single pack syntactic approach is the need to allow the mixture to warm to room 
temperature before removal from its container In order to prevent the condensation of moisture onto the mixture, an 
effect which is considered highly undesirable as it may have an adverse impact on the wetting properties of the paste, 

50 its' curing reaction, or even generate excess volatiles during the panel cure cycle. These volatile materials may disturb 
the position of the paste or even, if excessive, cause damage to the honeycomb core or cause blistering between the 
core and the skins. An additional disadvantage of the need to warm the paste to room temperature is that those pastes 
having a high reactivity at room temperature have their usable life decreased. For the latter reason some of the single 
pack pastes are designed to react quickly only at elevated temperatures,, normally the cure temperature used in the 

55 panel bonding step. However, whether curing at room temperature or at elevated temperature the single pack pastes, 
although requiring no mixing by the panel constructor, still suffer from being very viscous tacky materials if the density 
is in the normal range required for most high performance sandwich panel applications. 

[0014] Thus the traditional method for filling, fixing, joining, and reinforcing honeycomb to itself and surrounding 
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materials has been the application of these one or two pack syntactic pastes accurately and completely into the complex 
spaces which exist between the cut honeycomb edges themselves and between them and other surrounding materials 
and/or filling the honeycomb cells for reinforcement. It is of great importance to fully fill these spaces as failure to do 
so may create structural weaknesses in the panel and allow the ingress of degredants which ultimately may have the 

5 same effect as well as increasing weight. 

[0015] As may be imagined the task of filling these spaces, many of which may be some centimetres deep, within 
the springy and delicate material of an unbonded honeycomb panel, with a very viscous and sticky material is difficulty, 
messy and time consuming and requires great skill and experience by the operator if it is to be effected properly. It is 
difficult to maintain a completely uncontaminated environment with such an operation and frequently, a large amount 

10 of mixed material is wasted when a particular job is complete or reaction of the mixed material makes It too viscous to 
use for practical purposes . The operation of filling with these syntactic pastes also results in contaminated equipment, 
protective clothing, containers and so forth all of which need careful and legal disposal operations. Furthermore, It Is 
impossible practically to avoid all personal contact with these materials in this difficult process whether by touching, 
breathing or just vapour contact. Whilst in general manufacturers of syntactic pastes attempt to minimise such dangers 

15 by careful choice of the materials used in them, the risk of operator sensitivity remains, which is a further disadvantage. 
[0016] There have been attempts to overcome some of the aforementioned process and technical disadvantages 
by developing alternative methods to achieve some of the reinforcing and/or joining operations necessary in the man- 
ufacture of sandwich and particularly honeycomb sandwich panels. 

[0017] In one method, resin and hardener components are premixed and the composition is preformed into flat sheets 
20 (patties) of a suitable thickness for a specific honeycomb panel dimension, covered with a release film on each side 
and deep frozen. To use the composition the panel manufacturer warms the patty to room temperature, to avoid con- 
densation, removes one release film and presses the patty into the honeycomb panel or vice-versa. While this technique 
does simplify the application of syntactic materials in sandwich panel reinforcement applications it cannot easily be 
used for the attachment of honeycomb to itself or to edges and the like. This technique is nevertheless an advantage 
25 for reinforcing honeycomb where the honeycomb is the same thickness or a simple multiple of the thickness of the 
patty. All other disadvantages of frozen premixed material remain with this approach. 

[0018] In another approach, a pre-formed flexible uniform thickness film of thermosetting, hot curing, foaming, ad- 
hesive is utilised. This material must be tailored to size by some cutting technique and placed between the core and 
other sections of the panel core structure that need to be bonded by the adhesive film. During the thermal curing cycle 

30 the film softens, melts, expands and cures. If the film has been correctly tailored and placed the expansion will enable 
some attachment of the honeycomb and other items such as inserts or edge pieces. These expanding film adhesives 
cannot be used for reinforcing honeycomb for attachments as they are only of finite thickness, usually around 1 .5mm 
and would be Impossible to position in individual cells or substantial gaps or spaces. Whilst having the advantage over 
syntactic pastes in general for handling in that they are flexible, non tacky and require no mixing they have strong 

35 disadvantages in that cutting to shape and placing in position can be extremely expensive and time consuming and 
that on expansion and cure they rarely fill all the spaces necessary and hence result in panels having less than the 
optimum structural strength and rarely fill gaps well enough to avoid the ingress of environmental degradants. 
[0019] Thus, until now the essential tasks of joining honeycomb, attaching honeycomb to edge pieces and inserts, 
reinforcing for load bearing attachments and panel edge filling and sealing has been carried out by the skilled use of 

40 very viscous adhesives, tacky syntactic pastes or patties or by tailoring of foaming adhesive films as described above. 
[0020] Thus, it would be a significant technical advantage to develop a method for the production of sandwich panels 
which are strong, light and durable, and wherein the panel filling operation can be carried out under room temperature 
conditions; the filling operation has increased efficiency; no mixing is required; the filling operation wastes less filling 
material; contact hazards are reduced; the filling operation allows for flexibility of filling materials and wherein the 

45 components of the final sandwich panels are bonded together in a simple effective manner. 

[0021] EP-051 4623 describes a method of filling a honeycomb structure with a polyimide foam formed by heating 
and foaming a powdered polyimide precursor placed in the structure. 
[0022] US-4425441 discloses a foamable polyimide powder. 

[0023] US -4806573 discloses a foamable polyimide powder that can be added to an open celled structure. The 
so powder can be foamed by heating. 

Summary of the invention 

[0024] We have now developed a process which overcomes the problems of the prior art processes. The process 
55 of the present invention is defined in the accompanying claims. 

[0025] The present invention provides a process for the fast and efficient localised filling of sandwich panels which 
can be carried out at room temperature. Further our invention provides a method for the production of strong, durable, 
light-weight sandwich panels which are effectively bonded. The present invention additionally provides a method for 
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the manufacture of sandwich panels having a variety of filling materials in addition to expoxy resin as well as providing 
a simple method for the filling and sealing of the panel edges. Our invention extends the use of thermally expanding 
expoy resin powders which are poured into the spaces in, between and around honeycomb or pre-formed foam cores 
to produce a filled honeycomb which can then be either cured as is or following the addition of a further skin by heating. 

5 As can be readily envisaged, such a pourable dry powder can be easily and quickly placed exactly in position, however 
complex the shape of space to be filled. Furthermore, such powders can be designed to have long shelf lives at ambient 
temperatures; require no mixing and; provided they contain no very fine particles, cause no pollution and give no waste. 
Thus, in addition to the ease of use, the process according to the present invention minimises material contamination 
of the workplace, tools, wetting and operator contact. 

10 [0026] In a further aspect of the process according to the present invention a thermally expanding epoxy resin powder 
can be poured into a released mould, heated to form a coherent low density cured solid object corresponding to the 
shape of the mould and then demoulded. The benefits of using the process according to the present invention for the 
production of release moulded objects include ease of use, process efficiency, reduction of material contamination of 
the workplace, tools, wetting and operator contact. 

15 

Description 

[0027] Clearly there are differences between the use of powders and that of syntactic pastes in their various forms 
and the foaming adhesive films. In the case of the syntactic pastes they must be placed in the structure to fully fill the 
20 spaces required by whatever physical technique is available. The foaming films must be cut and fitted into those spaces 
where they are to be used, but as explained will rarely fill the space completely. 

[0028] In the case of the free flowing powders used in the process according to the present invention any simple 
pouring technique, manual pouring or by robotics or other method, may be used to deliver the powder into required 
spaces such as particular cells in a honeycomb panel. In order to be sure of filling the required spaces fully with a 
25 powder it is necessary that the space is fully filled with the uncured powder as far as its bulk density and particle size 
distribution will allow and that during the curing cycle the powder foams enough to form a coherent cured foam of the 
same volume. The powder may itself be capable of filling the space under no external pressure constraint or it may be 
capable of over filling the space but be constrained by external pressure applied to the skins during the cure cycle 
without any adverse effect. 

30 [0029] To those familiar with the art it is not difficult to adjust the level of foaming, selection of particle size, and control 
of the rheology to give foams which perform satisfactorily as envisaged in this invention. 

[0030] Once powder has been added to the bonded or unbonded skin and core a further skin may be added to 
provide an uncured sandwich panel. This unbonded panel may then be cured to provide a bonded panel wherein the 
bonding between the core material and the skin(s), as well as internal adhesion to the cell walls, is effected by the 

35 action of the cured powder. Thus, the process according to the present invention provides a method for the production 
of a cured, bonded sandwich panel wherein the adhesive bonding is provided by the cured powder. In addition the 
poured powder process according to the present invention may be utilised in a conventional system wherein the bonding 
between the skin(s) and the core material is effected by a curable liquid or film adhesive. In such cases the skin is 
coated with a liquid or film adhesive which (on curing) effects a bond between the skin and the core material and the 

40 pourable powder is used to fill the required spaces in the panel core. A further adhesive coated skin may be added to 
complete the sandwich which is then cured to form a cured bonded sandwich panel. 

Thermally expanding powder 

45 [0031] A thermally expanding powder, as defined herein, means a powder which, on the application of thermal (heat) 
energy, is transformed from a multitude of individual or otherwise distinct powder particles into a coherent cured foam 
(continuous or discontinuous) which is 'solid' at room temperature. A solid foam, produced from a thermally expanding 
powder , as defined herein, means an expanded material which comprises a substantially uniform distribution of voids 
and wherein the foam itself may be either rigid or flexible. For the avoidance of doubt, voids in the expanded powder 

so may derive from the action of an expanding agent, the presence of air in the original unexpanded powder filled space 
or a mixture of both. 

[0032] The thermally expanding powder of the present invention is preferably non sintering and pourable during 
application, more preferably the powder is non sintering across a range of temperatures and across storage conditions. 
It should be understood that a desirable range of temperatures for any given non -sintering powder and application of 
55 such powder will be dependant upon the immediate temperature conditions under which the powder is both stored and 
applied. The powder is preferably non sintering during applications having temperatures in the range of from 0°C to 
about 50°C, preferably from about 10°C to about 40°C, more preferably from about 15°C to about 30°C, especially 
from about 20°C to about 25°C and most preferably from about 22°C to about 25°C. 
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[0033] During the process according to the present invention the applied powder, in the panel core, is heated in order 
to effect curing. It is essential that the powder, undergoes sufficient liquefaction during the heating process, to consol- 
idate and to bond to itself and the surrounding surfaces within the panel core. It is to be understood that both powders 
which flow and those which do not flow when melted are useful herein. It is preferable that the powder melts during 
s the process. It is highly preferable that the (melted) cured powder adheres to those surfaces which surround it except 
when it is used for making moulded objects. 

[0034] Thermally expanding powders suitable for use herein may be prepared, for example, by grinding a solid ther- 
mally expanding epoxy resin composition. Suitable thermally expanding epoxy resins for use in the process of the 
present invention contain at least expanding agents and are cured by heating. 
io [0035] Thermosetting, heat curable expanding epoxy resin powders suitable for use herein can be manufactured by 
the combination of solid resin in conjunction with an expanding agent and a curing agent, and then powdering this 
mixture. The selection of a solid resin having suitable non-sintering properties when combined with the expanding and 
curing agent can be achieved by routine experimentation. 

[0036] Epoxy resins suitable for use herein include epoxy resins manufactured from 2,2 -bis-(4 hydroxyphenyl)pro- 
is pane and epichlorohydrin. Suitable epoxy resins include Araldite GT 6071 (RTM) supplied by Ciba Specialty Chemicals 
PLC. 

[0037] It is important that the solid resin as herein described can be melted or is otherwise able to bond or fuse and 
has a sufficiently low viscosity to enable combination with additional materials such as hardeners (or curing agents), 
expanding agents, and other optional agents as required, without causing them to react. As, in general to make a non 
20 sintering powder at room temperature, a softening point of at least about 55°C is required, this limits the lower tem- 
perature at which foaming and curing can take place because a suitable melt viscosity (to enable the combination with 
additional materials) will only be obtained at a relatively high temperature (versus the softening point temperature). 
[0038] The process according to the present invention is illustrated by the following non-limiting examples. 

25 Example 1 



[0039] Manufacture of a thermally foaming powder suitable for use in the process according to the present invention. 





Formulation 


30 


Araldite GY260 (RTM) (Bisphenol A Epoxy resin from Ciba SC) 


100 Parts by weight 




Dicyandiamide 


4.3 Parts by weight 




Chlorotoluron 


2.2 Parts by weight 




3,3'-dimethyl 4,4'-diamino dicyclohexyl methane 


10.6 Parts by weight 


35 


Cyclohexylamine 


6.0 Parts by weight 




Expancel 551 DU (RTM)( Unexpanded thermoplastic micro-spheres from Akzo Nobel) 


3.0 Parts by weight 




Cabosil TS 720 (RTM) (Fumed silica form Cabot) 


4.0 Parts by weight 



[0040] All of the formulation materials were thoroughly mixed together at about 23°C. Mixing may be effected either 
manually or mechanically. The mixture was allowed to stand at 23°C for about 17 hours followed by heating for about 
2 hours at about 60°C. The sample was allowed to cool to 23°C and powdered and sieved into different particle size 
fractions. 

[0041 ] It should be understood that powder having different particle sizes will lead to foams having differing densities 
on expansion. The selection of appropriate particle size to use for any particular application will involve consideration 
of the desired properties of the final expanded foam. 

Example 2 

[0042] A sieved thermally foamable powder made according to Example 1 , with a melting point of 60QC and having 
a particle size between 500 ujti and 1 000 ujti, was poured Into the 6mm inscribed circle diameter cells of an aluminium 
honeycomb panel which in turn was sitting on a sheet of aluminium. Sufficient foaming powder was added to fill each 
honeycomb cell completely, as judged by visual observation. The foaming powder was added to the honeycomb cells 
by manual pouring. Either mechanical or computer controlled dispensing means could equally be used to perform this 
operation. Another aluminium sheet was then placed on top of the filled honeycomb panel to form an un-bonded sand- 
wich panel. 

[0043] The uncured sandwich panel was placed in a hydraulic press and 300 kPa pressure was applied. The tem- 
perature of the press plates was raised from room temperature to 120°C over a period of 30 minutes and the panel 
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remained in the press at 120°C for about 1 hour. The panel was then removed and allowed to cool back to room 
temperature. 

[0044] The three components of the sandwich panel ( the honeycomb and the two aluminium skins) were found to 
be adhered together The panel was cut in cross section using a bandsaw. This revealed that each individual honeycomb 
5 cell that was originally filled with powder was now completely filled with a continuous, closed cell foam and this approach 
can be readily used to provide an edge filled and sealed panel without resorting to the traditional use of wet syntactic 
pastes. The foam was thermoset in nature and it adhered to alt the honeycomb cell walls as. well as to the aluminium 
sheets. The cut edge of the panel was very smooth and uniform. The expanded foam was found to have a density of 
0.57g/cm 3 . 

w [0045] An illustration of the panel making stages as outlined in Example 2 is found In Figure 1 . 
Example 3 

[0046] As example 2 but with a powder particle size between 1 000- 2000 u.m The expanded foam was found to have 
15 a density of 0.55g/cm3 

Example 4 

[0047] As example 2 but with a powder particle size less than 500 ujti. The expanded foam was found to have a 
20 density of O.BOg/cm 3 . 

Example 5 

[0048] A thermally foaming powder manufactured by the use of a solid epoxy resin in conjunction with a suitable 
25 foaming (expanding) agent and a curing agent. 



Formulation 


Araldite GT 6071 (RTM) (Bisphenol A epoxy resin from Ciba Specialty Chemicals) 
Dicyanamide 

Expancel 091 DU 80 (RTM)(Unexpanded thermoplastic micro-spheres from Akzo Nobel) 


1 00 parts by weight 
4.24 parts by weight 
5.0 parts by weight 



[0049] The Araldite (RTM) was heated to 100°C where it was in a liquid form. The dicyanamide and the Expancel 
(RTM) were incorporated into the resin and the blend was allowed to cool to about 23°C. The resulting solid was 

35 powdered and sieved into different particle size fractions. < 

[0050] Sieved powder having a particle size between 500 urn and 1 000 urn was poured into the cells of an aluminium 
honeycomb panel (150mm long x 150mm wide x 12%mm deep) which in turn was sitting on a sheet of aluminium. 
Sufficient foaming powder was added to fill each honeycomb cell completely, as judged by visual observation. Another 
aluminium sheet was then placed on top of the filled honeycomb panel to form a sandwich panel. 

40 [0051] The uncured sandwich panel was placed in a hydraulic press and 300 kPa pressure was applied. The tem- 
perature of the press plates was raised from room temperature to 150°C over a period of 30 minutes and the panel 
remained in the press at 1 50°C for 3 hours. The panel was then removed and allowed to cool back to room temperature. 
[0052] The three components of the sandwich panel were found to be adhered together. The panel was cut in cross 
section using a bandsaw. This revealed that each individual honeycomb cell that was originally filled with powder was 

45 now completely filled with a continuous, closed cell foam and this approach can be readily used to provide an edge 
filled and sealed panel without resorting to the traditional use of wet syntactic pastes. The foam was thermoset in nature 
and it adhered to all the honeycomb cell walls as well as to the aluminium sheets. The cut edge of the panel was very 
smooth and uniform. The expanded foam was found to have a density of 0.54g/cm3 

so Example 6 

[0053] As example 5 but with a powder particle size range between 1 000-2000 urn The expanded foam was found 
to have a density of 0.52g/cm 3 . 

55 Example 7 

[0054] As example 5 but with a powder particle size range of less than 500 urn. The expanded foam was found to 
have a density of O.SSg/cm 3 . 
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Example 8 

[0055] A sieved, thermally foamable powder made according to Example 1 , with a melting point of 60°C and having 
a particle size between 500 u.m and 1000 ujti, was poured into a metal mould which was coated with Araldite (RTM) 

5 Mould release agent QZ13 (available from Ciba Specialty Chemicals). The internal mould dimensions were 12.5mm 
deep x 12.5mm wide x 135mm long. Sufficient foaming powder was added to fill the mould completely, as judged by 
visual observation. The foaming powder was added to the mould by manual pouring. Either mechanical or computer 
controlled dispensing means could equally be used to perform this operation. A metal sheet with sufficient area to 
cover the entire mould surface and coated with the mould release agent was placed on top of the powder filled mould 

w and secured to completely seal the mould with sufficient external pressure applied to hold it in place during the cure 
cycle. 

[0056] The sealed mould was placed in an oven at room temperature. The temperature of the oven was raised from 
room temperature to 120°C over a period of 60 minutes and the mould remained in the oven at 120°C for 1 hour. The 
mould was then removed and allowed to cool back to room temperature. 
15 [0057] When the mould was disassembled a solid casting having the same dimensions as the mould was removed. 
The casting was a continuous closed cell foam which had a density of O.eg/cm 3 and a compressive strength of 31 MPa 
(ASTM 695) 

Detailed Description of the Drawings 

20 

Figure I 

[0058] Figure I illustrates the key stages in the process according to the present invention. 
[0059] I (a) shows a section of an unfilled honeycomb panel (i) which is placed upon an aluminium sheet (ii). 
25 [0060] l(b) shows a section of a honeycomb panel (i), upon an aluminium sheet (ii), which has been filled with powder 
(iii) 

[0061] l(c) shows a section of a powder filled honeycomb panel (i) which has aluminum sheets (ii) on either side. 
Figure II 

30 

[0062] Figure II illustrates an internal cross section of a filled cured sandwich panel according to the present invention. 
[0063] Lines A to A'; B to B'; C to C; D to D*; E to E'; F to F* and G to G' represent the cutting lines necessary to 
produce four separate sandwich panels 1 , 2, 3 and 4. 

35 (i) represents empty, unfilled honeycomb cell(s) 

(ii) represents honeycomb cell(s) filled with cured powder X 

(iii) represents honeycomb cell(s) filled with cured powder Y 
(rv) represents honeycomb cell(s) filled with cured powder Z 
(v) represents honeycomb cell(s) filled with cured paste O. 

40 

[0064] Once cutting has been performed four separate sandwich panels, 1 , 2, 3 and 4 will be produced. The com- 
position of these panels is as follows: 

Panel 1 is an edge-filled powder cured panel wherein the edge cells are filled with cured powder X and the internal 
45 cells are hollow. 

Panel 2 Is an internal and edge-filled powder cured panel wherein the edge cells are filled with cured powder X 
and the Internal cells are filled with cured powder Y. 

so Panel 3 is an Internal and edge-filled powder cured panel wherein the edge cells are filled with cured powder X 

and the internal cells are filled with a mixture of cured powder Y and cured powder Z. 

Panel 4 is an internal and edge-filled powder cured panel wherein the edge cells are filled with cured powder X 
and the internal cells are filled with a mixture of cured powder Y and cured paste O. 

55 
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Claims 

1 . A process for completely or partially filling voids with a coherent low density solid by the addition of a free flowing 
thermally expanding, foamable and curing powder to the void and causing the powder to expand, sinter and cure 
by heating, characterised in that said flowing thermally expanding, foamable and curing powder is an epoxy resin 
composition. 

2. A process according to Claim 1 in which the void is a cavity in a mould. 

3. A process for the manufacture of a sandwich panel construction comprising of an internal core material by filling, 
reinforcing and/or joining core materials of said construction characterised in that at least some of the voids, that 
are either inside the core material , or in between the same or different core materials, or between the core materials 
and any other solid surfaces included in the sandwich panels, are filled according to the process of claim 1 . 

4. A process according to Claim 3 wherein the core material is bounded on at least one side by a facing material, 
which facing material is preferably bonded to the core material by the action of the cured powder. 

5. A process according to Claim 4 wherein an adhesive, preferably a film or liquid adhesive, is additionally present 
between the core material and the facing material. 

6. A process according to any of Claims 3 to 5 wherein the filled internal cells of the panel core material are either 
under filled, fully filled or over filled with foamable powder under no external applied pressure during the filling stage. 

7. A process according to any of Claims 1 to 6 wherein the foamable powder is non-sintering in the temperature 
range of from 0°C to about 50°C, preferably from about 1 0°C to about 40°C, more preferably from about 1 5°C to 
about 30°C, especially from about 20°C to about 25°C and most preferably from about 22°C to about 25°C. 

8. A process according to any of Claims 1 to 7 wherein the foamable powder is prepared by grinding a solid thermally 
expanding resin, having a softening point of at least about 55oc, into a powder having a particle size of from 
between about 100 to 2000 \im t preferably from about 500 to 2000 pm, more preferably from about 500 to about 
1 000 fim. 

9. A process according to any of Claims 1 to 8 wherein the ground powder used for filling voids has a particle size 
range essentially from 100 to 2000 microns or is made up of narrower fractions within this range or mixtures of 
narrower fractions within this range. 

10. A process according to Claims 1 to 9 wherein the thermally expanding resin an epoxy resin manufactured from 
2,2 -bis-(4 hydroxyphenyl)propane and epichlorohydrin. 

1 1 . A process according to any of Claims 3 to 1 0 wherein the internal panel core material is selected from rigid foams; 
cellulose paper honeycomb, polyamide paper honeycomb, fabric based honeycomb, metal honeycomb and the 
like. 

12. A process according to any of Claims 4 to 11 wherein the face material is either a preformed sheet of metal, glass, 
wood, plain or reinforced plastics, laminates and combinations thereof or a sheet formed in-situ from resin prepregs 
or fibres and the application of liquid curable resins to them or combinations of both types of face material. 

1 3. A process according to any of Claims 3 to 1 2 wherein the filled, unbonded sandwich panel is cured at a temperature 
" range of from about 802C to about 200QC, preferably from about 100QC to about 180QC, more preferably from 

about 1 20QC to about 1 50QC. 

14. A process as claimed in any one of claims 1 to 13, wherein the void is fully filled with the uncured powder and 
wherein, during curing, the powder foams enough to form a coherent cured foam of the same volume as the powder. 

1 5. Use of the sandwich panel construction obtained according to the process of any of Claims 3 to 1 4 in the aerospace, 
high performance ground and marine transport, building, civil engineering and, or sports goods applications. 
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Patentanspruche 

1 . Verfahren zum vollstandigen oderteilweisen Fullen von Hohtraumen mit einem koharenten niederdichten Feststoff 
durch Zusatz eines f rei flie&enden, thermisch expandierenden, schaumbaren und hartenden Pulvers zu dem Hohl- 
raum und Veranlassen des Pulvers, zu expandieren, sintern und harten durch Erhitzen , dadurch gekennzeichnet, 
dass das flie&ende thermisch expandierende, schaumbare und hartende Pulver eine Epoxidharzzusammenset- 
zung ist. 

2. Verfahren nach Anspruch 1 , wobei der Hohlraum ein Hohlung in einer Form ist. 

3. Verfahren zur Herstellung eines Verbundplattenaufbaus, umfassend ein inneres Kernmaterial durch Fullen, Ver- 
stSrken und/oder Verbinden von Kermaterialien des Aufbaus, dadurch gekennzeichnet, dass mindestens einige 
der Hohlraume, die sich entweder innerhalb des Kemmaterials oder zwischen denselben Oder unterschiedlichen 
Kernmaterialien oder zwischen den Kernmaterialien und beliebigen anderen festen Oberflachen, die in den Ver- 
bundplatten eingeschlossen sind, befinden, gem&B dem Verfahren nach Anspruch 1 gefullt werden. 

4. Verfahren nach Anspruch 3, wobei das Kernmaterial an mindestens einer Seite durch ein Deckmaterial begrenzt 
ist, wobei das Deckmaterial vorzugsweise an das Kernmaterial durch die Wirkung des geharteten Pulvers gebun- 
den wird. 

5. Verfahren nach Anspruch 4, wobei ein Klebstoff, vorzugsweise ein Film- oder flussiger Klebstoff, zusatzlich zwi- 
schen dem Kernmaterial und dem Deckmaterial vorliegt. 

6. Verfahren nach einem der Anspruche 3 bis 5, wobei die gefultten inneren Zellen des Piattenkernmaterials wahrend 
der Fullstufe unter keinem angewendeten auBeren Druck mit schaumbarem Pulver entweder unterfullt, vollstandig 
gefullt oder uberfullt werden. 

7. Verfahren nach einem der Anspruche 1 bis 6, wobei das schaumbare Pulver bei einem Temperaturbereich von 
0°C bis etwa 50°C, vorzugsweise etwa 1 0°C bis etwa 40°C, bevorzugter etwa 15°C bis etwa 30°C, insbesondere 
etwa 20°C bis etwa 25°C und vor allem etwa 22°C bis etwa 25°C nicht sinternd ist. 

8. Verfahren nach einem der Anspruche 1 bis 7, wobei das schaumbare Pulver durch Zerkieinern eines festen, ther- 
misch expandierenden Harzes mit einem Erweichungspunkt von mindestens etwa 55°C zu einem Pulver mit einer 
TeilchengroBe zwischen etwa 100 bis 2000 urn, vorzugsweise etwa 500 bis 2000 urn, bevorzugter etwa 500 bis 
etwa 1000 jim, hergestellt wird. 

9. Verfahren nach einem der Anspruche 1 bis 8, wobei das zum Fullen von Hohlraumen verwendete zerkleinerte 
Pulver eine TeilchengroBe im Wesentlichen im Bereich von 1 00 bis 2000 \im aufweist oder von kleineren Fraktionen 
innerhalb dieses Bereiches oder Gemischen von kleineren Fraktionen innerhalb dieses Bereichs hergestellt wird. 

10. Verfahren nach Anspnichen 1 bis 9, wobei das thermisch expandierende Harz ein Epoxidharz, hergestellt aus 
2,2-Bis-(4-hydroxyphenyl)propan und Epichlorhydrin, ist. 

11. Verfahren nach einem der Anspruche 3 bis 10, wobei das innere Platten kernmaterial ausgewahlt ist aus harten 
SchSumen; Zellulosepapierwaben, Polyamidpapierwaben, Textil basierten Waben, Metallwaben und derglelchen. 

12. Verfahren nach einem der Anspruche 4 bis 11 , wobei das Deckmaterial entweder ein vorgeformtes Blatt aus Metall, 
Glas, Holz, normalen oder verstarkten Kunststoffen, Laminaten und Kombinationen davon oder ein Blatt, das in- 
situ aus Harzprepregs oder Fasem gebildet ist, darstellt und die Anwendung von flussigen, hartbaren Harzen auf 
diese oder Kombinationen von beiden Arten von Deckmaterial. 

13 Verfahren nach einem der Anspruche 3 bis 12, wobei die gefullte, nicht gebundene Verbundplatte bei einem Tem- 
peraturbereich von etwa 80*C bis etwa 200°C, vorzugsweise etwa 1 00°C bis etwa 1 80°C, bevorzugter etwa 1 20°C 
bis etwa 150°C geh§rtet wird. 

14. Verfahren nach einem der Anspruche 1 bis 13, wobei der Hohlraum vollstandig mit dem ungeharteten Pulver gefullt 
ist und wobei wahrend des Hartens die Pulverschaume ausreichen, urn einen koharent geharteten Schaum des- 
selben Volumens wie das Pulver zu bilden. 
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15 Verwendung der nach dem Verfahren von elnem der AnsprGche 3 bis 14 erhaltenen Verbundplattenkonstruktion 
in der Lutt- und Raumfahrt, Hochleistungsboden- und Seetransport, Bauwesen, Ingenieurbauwesen und/oder 
Sportwarenan-. wendungen. 



Revendications 

1 Precede de remplissage complet ou partiel de vides par un solide coherent de faible densite par apport, dans le 
vide d'une poudre coulant librement a expansion thermique. moussante et polymerisable, et en provoquant I'ex- 
pansion, le frittage et la polymerisation de la poudre par chauffage, caracterlse par le fait que la poudre coulant 
librement a expansion thermique, moussante et polymerisable, est une composition de resine epoxy. 

2. Procede selon la revendication 1 , dans lequel le vide est une cavite dans un moule. 

3 Precede de fabrication d'une structure de panneau en sandwich comprenant un materiau interne d'ame, par rem- 
plissage, rent orcement et/ou assemblage des materiaux d'ame de la structure, caracterise par le f aft qu'au moms 
certains des vides, qui sont soit a I'interieur du materiau d'ame soit entre celui-c» ou des materiaux d'ame differents, 
ou entre les materiaux d'ame ettoute autre surface solide comprise dans le panneau en sandwich, sont remphs 
selon le procede de la revendication 1 . 

4 Procede selon la revendication 3, dans lequel le materiau d'ame est colle sur au moins un cote par un materiau 
en regard, le materiau en regard etant de preference colle au materiau d'ame par Paction de la poudre polymensee. 

5. Procede selon la revendication 4, dans lequel un adhesif, de preference un adhesif en film ou liquide, est en outre 
present entre le materiau d'ame et le materiau en regard. 

6 Procede selon Tune quelconque des revendications 3 a 5, dans lequel les cellules internes remplies du materiau 
d'ame du panneau sont soit remplies incompletement soit totalement remplies soit trop remplies par une poudre 
moussante sans pression externe appliquee pendant I'etape de remplissage. 

7 Procedd selon I'une quelconque des revendications 1 a 6, dans lequel la poudre moussante est non frittabie dans 
la plage de temperatures d'environ 0*C a environ 50*C, de preference d'environ 10*C a environ 40°C, de facon 
plus prefdree d'environ 15°C a environ 30°C, specialement d'environ 20°C a environ 25°C et de facon la plus 
preferee d'environ 22°C a environ 25°C. 

8 Procede selon I'une quelconque des revendications 1 a 7, dans lequel la poudre moussante est preparee par 
broyage d'une resine solide a expansion thermique ayant un point de ramollissement d'au moins environ 55°C 
dans une poudre ayant une taille de particules aiiant d'environ 100 a 2000um, de preference d'environ 500 a 
2000um, de facon plus preferee d'environ 500 a environ 1000um 

9 Procede selon I'une quelconque des revendications 1 a 8, dans lequel la poudre broyee utilisee pour remplir les 
vides a une plage de tallies de particule essentiellement de 100 a 2000nm ou est constitute de fractions plus 
petites dans cette plage ou de melanges de fractions plus petites dans cette plage. 

10. Procede selon I'une des revendications 1 a 9, dans lequel la resine a expansion thermique est une resine epoxy 
fabriquee a partir de 2,2-bis-)4 hydroxyphenyl)propane et d'epichlorohydrine. 

1 1 Procede selon I'une quelconque des revendications 3 a 1 0, dans lequel le materiau d'ame interne au panneau est 
' choisi parmi les mousses rigides, les nids d'abeille en papier de cellulose, les nids d'abeille en papier poiyamide, 

les nids d'abeille a base d'6toffe, les nids d'abeille m6talliques et autres. 

12 Procede selon I'une quelconque des revendications 4 ft 11 . dans lequel le materiau en regard est soit une feuille 
pr6formee de metal, de bois, de materiau plastique plein ou renforce, de famine et de combmaisons de ceux-ci, 
soit une feuille formee in-situ ft partir de pre-impregnes de resine ou de fibres et ^application de resines liquides 
polymerisables ft ceux-ci ou des combinaisons des deux types de materiaux de face. 

13 Procede selon I'une quelconque des revendications 3 ft 12, dans lequel le panneau en sandwich rempli non colle 
* est polymerise dans une plage de temperatures allant d'environ 80°C ft environ 200°C, de preference d'environ 
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100°C a environ 180°C, de facon plus preferee d'environ 120°C a environ 150°C. 

14 Procede selon Tune quelconque des revendications 1 a 13, dans lequel le vide est totalement rempli d'une poudre 
* non polymerisee et dans lequel, lors de la polymerisation, la poudre mousse suffisamment pour former une mousse 

coherente polymerisee de meme volume que la poudre. 

1 5 Utilisation de la structure de panneau en sandwich obtenue selon le procede de rune quelconque des revendica- 
' tions 3 a 14 dans des applications pour I'aerospatiale, les transports terrestres ou maritimes a hautes performan- 
ces, le batiment, le genie civil et ou les objets de sport. 
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Figi n 




« (i) empty, unfilled honeycomb ceU(») 
= (H) fuled with cured powder X 

= (iii) filled with cured powder Y 

= (tv) filled with cured powder Z 
= ( v ) filled with cured paste O 
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